Diffuse bronchopulmonary aspergillosis is a comparatively rare condition. The number of reported cases in the more recent literature are few, where confirmation has been obtained from the study of necropsy material or of material obtained by pulmonary resection.
In this paper two cases of diffuse bronchopulmonary aspergillosis are reported in detail. The post-mortem findings and histology are described; the relevant literature is also reviewed.
MYCOLOGY
Aspergillosis is caused by certain species of aspergillus, which belongs to the group of filamentous fungi.
The morphological appearance of the different species pathogenic to man and their cultural characteristics have been fully described by Thom and Raper (1945) , by Ross (1951) , by Hinson, Moon, and Plummer (1952) , and by Conant, Smith, Baker, Callaway, and Martin (1954) .
In the majority of cases aspergillosis is caused by A. fumigatus, but occasionally by A. niger, and only rarely have strains such as A. vesicular, A. nidulans, and A. flavus been described as causing disease . PATHOGENESIS Aspergillosis is acquired exogenously and the infective element is the spore. These organisms are only occasionally pathogenic to man and tend to produce localized disease. Dissemination in the lungs is very rare and may be accompanied by haematogenous spread to other organs, which appears to depend on the ability of the mycelium to penetrate blood vessels. In non-viable lung tissue where conditions are anaerobic, fungus mycelium colonizes, but under aerobic conditions sporulation may occur. In human disease preexistent tissue damage appears to be a prerequisite, unlike avian disease where primary infection can occur. Gowing and Hamlin (1960) consider that the fungi reach the alveoli in invasive aspergillosis, either by aspiration into the respiratory bronchioles and alveolar ducts with subsequent spread into the associated alveolar sacs and alveoli or by colonization of the mucosa of the bronchi and then spreading through their walls. Riddell (1958) (Fig. 2) , which also shows the temperature, pulse, and respiratory rates.
During the first nine days the temperature, pulse, and respiratory rates slowly rose. He became more breathless and complained of pain in the right chest. Moist sounds and a pleural rub developed in the right lung and were followed by signs of definite consolidation in the upper and mid zones. A radiograph (Fig. 3) on the eighth day after admission revealed patchy consolidation in the right upper and mid zones. The thrombophlebitis had by then settled. Liver function tests were normal. The total protein was 5.8 g./100 ml. (albumin 2.0, globulin 3.3).
During the next 16 days the temperature was only slightly elevated, but the pulse and respiratory rates were high. He remained extremely short of breath. There was persistent slight cyanosis and yellow discoloration of the skin, progressive emaciation, and increased weakness. Periods of lucidity alternated with stupor and delirium. The liver was slightly enlarged. The sputum was thick and mucopurulent.
On the sixteenth day urine analysis revealed 30 mg./ 100 ml. of albumin. Serial radiographs showed persistent left basal consolidation and patchy dense consolidation in the right upper and mid zones, also the presence of a number of cavities.
On the twenty-fifth day he was breathless at rest, grossly wasted, and very weak. The blood urea level had risen to 57 mg./100 ml. Bronchoscopy revealed a normal appearance although profuse pus was seen coming from the lower lobe bronchi. Tracheotomy was performed and a wide tracheotomy tube inserted. Frequent suction was then carried out. An intravenous infusion of normal saline and a blood transfusion were given. A radiograph then ( Examinations of sputum throughout the illness contributed nothing. The initial culture revealed a mixed growth with alpha streptococcus predominating.
Repeated cultures for acid-alcohol-fast bacilli were negative. Examination of urine was normal. The details of treatment are seen on the chart (Fig. 6) group.bmj.com on July 6, 2017 -Published by http://thorax.bmj.com/ Downloaded from which also shows the temperature, pulse, and respiratory rates.
He improved clinically and was sent home on the sixteenth day. A radiograph before discharge revealed almost complete resolution of the right lower lobe consolidation.
Twenty-one days after discharge he was readmitted to hospital with pain in the right upper chest, marked dyspnoea, cough with purulent sputum, and profQund lassitude. Examination revealed a very ill man with slight central cyanosis. The percussion note was impaired over the right upper zone where crepitations could be heard. The rest of the examination was normal. A radiograph (Fig. 7) PATHOLOGICAL FINDINGS CASE 1.-The trachea and main bronchi contained thick grey mucopus. Almost the whole of the right lung was airless and bulky, its cut surfaces being firm, grey, and oedematous; they did not yield on pressure. At three points in the right upper lobe and at the apex of the right lower lobe there were abscess cavities with ragged yellow-grey walls and central brownish-grey sloughs. No sulphur granules were seen. The largest cavity, that in the anterior part of the right upper lobe, was about 6 cm. in diameter and impinged anteriorly on the sternum. Both pleural cavities were largely obliterated by adhesions. The left lung, and particularly the left lower lobe, showed somewhat similar changes to the right, although they were less pronounced. There was an abscess cavity in the left lower lobe. An antemortem thrombus was present in one branch of the right upper lobe artery. There was no evidence of aspergillus infection in other viscera.
CASE 2.-The trachea and bronchi contained viscid mucus. The whole of the right lung was consolidated with a necrotic area in the anterior part of the upper lobe. The left lung had partly collapsed. Antemortem thrombi were present in the pulmonary artery. There was no evidence of aspergillus infection in other viscera. CASE 1.-The sloughs in the cavities in the lungs were in reality fungal colonies made up of multiple, ramifying, branching, septate mycelia with coarse hyphal swellings, but without fructification. The organism appeared to be confined to the cavities; the remainder of the lung showed varying degrees of exudation, organization, and alveolar haemorrhage (Figs. 8 and 9 ). CASE 2.-Sections of the lung showed a pneumonic consolidation with early organization. In places this resolution had not taken place, but the process had gone on to one of suppuration. Here the microanatomy of the lung was destroyed and replaced by sheets of polymorphs in an exudate. At about the junction of the two areas the lung had been colonized by a fungus which showed septate mycelia in radial arrangement (Fig. 10) Abbott, Fernando, Gurling, and Meade (1952) , by Darke, Warrack, and Whitehead (1957) , and by Toigo (1960) . These cases presented as acute respiratory infections, and following antibiotic therapy the fungal infections spread rapidly in the lungs and led to cavity formation. Welsh and McClinton (1954) reported the case of a man suffering from gross subcutaneous infection with pulmonary mycotic abscesses who had been treated with antibiotics and died from intestinal haemorrhage. Hetherington (1943) described a case which ran a more protracted course and had been treated with radiotherapy and chemotherapy.
Comparable cases with a non-suppurative necrotizing tissue reaction have been reported by Naji (1959) and by Bariety, Poulet, Monod, and de Brux (1957) . The former was a case with agranulocytosis which had been treated with steroids and antibiotics. In the latter case the infection was limited to one lobe and the patient survived pulmonary resection. Hertzog, Smith, and Goblin (1949) described a further case with a granulomatous tissue reaction which had received antibiotics and chemotherapy.
Cases of diffuse bronchopulmonary aspergillosis with a limited spread by the blood stream to other organs and with a tissue response of necrosis and abscess formation have been described by Linck (1939) , by Welsh and Buchness (1955) , and by Akkoyunlu and Yucel (1957) . With the exception of Linck's case, these cases had received antibiotics. The case described by Welsh and Buchness had a neutropenia and received steroids.
Cases with infection widely disseminated to many organs and a tissue response of necrosis and abscess formation have been described (Gerstl, Weidman, and Newmann, 1948; Grekin, Cawley, and Zheutlin, 1950; Rankin, 1953; Levy and Cohen, 1955) , and three cases by Grcevic and Matthews (1959) . In the cases described by Gerstl et al. and Rankin agranulocytosis was present, and in that described by Levy and Cohen there was an undetermined haemorrhagic condition with a, DIFFUSE BRONCHOPULM ONAR Y ASPERGILLOSIS anaemia, thrombocytopenia, and a marrow picture of acute blastic anaemia. Antibiotics were given in all these cases, steroids in the case described by Levy and Cohen, and in one of the cases described by Grcevic and Matthews (1959) . Finegold, Will, and Murray (1959) reported a further case, that of a woman who was suffering from a septic abortion with shock and acute renal failure, who had received antibiotics. Cawley (1947) and Tobler and Minder (1954) have described similar cases with a granulomatous tissue reaction and abscess formation.
The tissue reactions in five of these cases were suppurative, in 13 necrotizing, and in three granulomatous with abscess formation. Dissemination was present in 13 cases. Marrow depression was present in five cases: three had an agranulocytosis, one a neutropenia, and one a leucopenia and thrombocytopenia. Antibiotics were given in 19 cases and five received steroids as well. One had no treatment and one received chemotherapy and radiotherapy.
Aspergilli were isolated from the sputum in only a few of the cases which have been reviewed (Hetherington, 1943; Darke et al., 1957) . The fungus was isolated from an abscess in the case described by Cawley (1947) and from the urine of that described by Levy and Cohen (1955) . Mycelia were, however, found in the tissues in all cases and identified in most. In the majority the causal organism was A. fumigatus. A. niger was found in the cases described by Hetherington (1943) and Toigo (1960) , and A. flavus in that described by Naji (1959) . In some cases the exact species were not identified, but in these the mycelia were considered indistinguishable from aspergilli on morphological grounds.
In recent years cases of agonal invasive bronchopulmonary aspergillosis found at routine necropsy have been reported by Cooper (1946 ), Ross (1951 , Antopol and Quittner (1952) , Zettergren and Sjostr6m (two cases, 1953) , Zimmerman (two cases, 1955) , Kirschstein and Sidransky (1956) Steroids appear to alter leucocyte response to injury either by vascular change, direct depression. or by deranged hormonal control. They also cause a deranged immunological response and by depressing antibody synthesis they may permit unlimited multiplication in the tissues of ordinarily non-pathogenic fungi which become highly pathogenic. At the same time they alter the activity of the host tissue, so leading to unusually severe degeneration and necrosis in susceptible lung tissue.
In the two cases which have been presented it seems likely that the disease started as a bacterial infection and that the fungus infection followed as a fatal complication. In the first the invasion probably occurred fairly early in the course of the illness and in the second at a later stage. There can be little doubt that in both cases the massive and varied antibiotic therapy stimulated the growth of the fungus and probably its virulence and paved the way for its multiplication and spread.
A diagnosis of invasive aspergillosis is always difficult to make, but this condition should be suspected where there is continued clinical deterioration and extension of disease in the lungs, in spite of apparently adequate antibiotic therapy and especially if steroids have also been given. The finding of mycelium in the sputum can be misleading, as it may be present as a saprophyte or contaminant. In the cases reviewed from the literature mycelium was only present in the sputum of a small minority. The repeated finding of mycelium, however, may be significant. The radiographic appearances are also likely to be somewhat varied.
SUMMARY
Two cases of diffuse bronchopulmonary aspergillosis with suppurative pulmonary lesions are presented in which antibiotic treatment appeared to have been the main factor in the initiation and spread of the fungal infection.
Most of the cases of invasive aspergillosis reported in the literature in recent years have also been briefly reviewed and analysed.
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